Dysregulation of very long chain fatty acid metabolism causes membrane saturation and induction of the unfolded protein response.
The unfolded protein response (UPR) senses defects in the endoplasmic reticulum and orchestrates a complex program of adaptive cellular remodeling. Increasing evidence suggests an important relationship between lipid homeostasis and the UPR. Defects in the ER membrane induce the UPR, and the UPR in turn controls the expression of some lipid metabolic genes. Among lipid species, the very long chain fatty acids (VLCFAs) are relatively rare and poorly understood. Here we show that loss of the VLCFA-CoA synthetase Fat1, which is essential for VLCFA utilization, results in ER stress with compensatory UPR induction. Comprehensive lipidomic analyses revealed a dramatic increase in membrane saturation in the fat1Δ mutant, likely accounting for UPR induction. In principle, this increased membrane saturation could reflect adaptive membrane remodeling or an adverse effect of VLCFA dysfunction. We provide evidence supporting the latter as the fat1Δ mutant showed defects in the function of Ole1, the sole fatty acyl desaturase in yeast. These results indicate that VLCFAs play essential roles in protein quality control and membrane homeostasis, and suggest an unexpected requirement for VLCFAs in Ole1 function.